JOURNAL OF THE EXPERIMENTAL ANALYSIS OF BEHAVIOR

1990, 54, 213-224

RELATIONS BETWEEN BASELINE CONTINGENCIES AND
EQUIVALENCE PROBE PERFORMANCES

CAROL PILGRIM AND MARK GALIZIO

UNIVERSITY OF NORTH CAROLINA AT WILMINGTON

Following the emergence of two three-member equivalence classes (A1B1C1 and A2B2C2), 5 college
students were exposed to one or more changes in the reinforcement contingencies controlling baseline
conditional discriminations. AC relations were either reversed (i.e., C2 was reinforced and C1 punished
when A1 was the sample; C1 was reinforced and C2 punished when A2 was the sample) or arranged
randomly (i.e., C2 and C1 were reinforced and punished equally often in the presence of A1 and A2).
In a third condition, the original AB and AC relations were reversed. Results showed that although
baseline conditional discrimination performances were under the control of reinforcement contingencies,
and performances on symmetry trials varied with baseline responding for 3 of 4 subjects when
contingencies were reversed, performances on transitivity probes remained consistent with the initial
equivalence class. These inconsistencies between probe and baseline performances were striking because
conditional discriminations are thought to be the determinants of equivalence class performance.
Similarly, the contrast between performances on symmetry and transitivity probes was of theoretical
interest because equivalence classes are defined by congruent patterns of responding on probe trials.
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Studies of stimulus class formation typically
begin with conditional discrimination training.
For example, a subject may be taught that
choosing Comparison Stimulus B1 will be re-
inforced when Sample Stimulus Al is pre-
sented (A1B1), but that choosing Comparison
B2 will be reinforced when A2 is the sample
(A2B2). With a different set of comparison
stimuli, reinforcers follow choice C1 given
sample A1 (A1C1) and C2 given A2 (A2C2).
When human subjects have been exposed to
such training contingencies, novel patterns of
conditional responding, derivable from the
trained relations but not explicitly reinforced,
have emerged. Typically, these novel patterns
exhibit the properties of stimulus reflexivity
(e.g., choosing A1 in the presence of A1), sym-
metry (e.g., given the training described above,
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choosing A1 in the presence of B1), and tran-
sitivity (e.g., given the training described above,
choosing C1 in the presence of B1)—the de-
fining features of equivalence classes (Sidman
& Tailby, 1982). The similarity between
equivalence classes formed via conditional dis-
crimination training in the laboratory and the
function of symbols in natural languages has
been noted frequently (e.g., Devany, Hayes,
& Nelson, 1986; Sidman, 1986; Wulfert &
Hayes, 1988), and stimulus equivalence meth-
odologies have generated considerable atten-
tion as a viable experimental approach to the
behavioral analysis of symbolic processes.

To date, investigations of stimulus equiva-
lence have tended to focus on variables influ-
encing class acquisition and expansion (e.g.,
Bush, Sidman, & de Rose, 1989; Dube,
Mcllvane, Mackay, & Stoddard, 1987; Saun-
ders, Wachter, & Spradlin, 1988; Sidman,
Kirk, & Willson-Morris, 1985; Wulfert &
Hayes, 1988). Few experiments, however, have
analyzed variables that influence maintenance,
loss, or modification of established equivalence
relations. Such analysis might further explo-
ration of similarities between the properties of
equivalence classes and natural language pro-
cesses with respect to accommodating change
given new learning experiences.

The present research examined procedures
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that might be effective in modifying established
equivalence classes. Baseline conditional dis-
criminations were manipulated following the
emergence of two three-member equivalence
classes (i.e., A1B1C1 and A2B2C2). In one
condition, AC reinforcement contingencies
were reversed, making possible new equiva-
lence classes (i.e., A1B1C2 and A2B2C1). In
a second condition, the contingencies acting on
AC relations were arranged so that no given
pattern of responding was reinforced consis-
tently. The C stimuli were not explicitly re-
lated to either stimulus class under these con-
ditions. In the third condition, both of the
original conditional discriminations were re-
versed, again making possible new equivalence
class memberships (i.e., A1B2C2 and A2B1C1).
The goal was to determine how performances
on probes for stimulus equivalence would be
affected by exposure to altered conditional dis-
crimination contingencies.

METHOD
Subjects

Five UNC-Wilmington undergraduate stu-
dents, 4 female and 1 male, served as subjects.
Four subjects began their participation to ful-
fill introductory psychology course require-
ments but were paid for participation beyond
the first two sessions. A 5th subject (Subject
DA) was paid for participating throughout the
study.

Apparatus

Subject and experimenter sat at a table on
opposite sides of a modified Wisconsin General
Test Apparatus (WGTA). The WGTA was
a wooden box (17 cm by 24 cm by 60 cm)
open on both ends allowing both the experi-
menter and the subject visual and physical ac-
cess to half of the apparatus. A sliding guil-
lotine door bisected the apparatus, and a
wooden partition (65 cm high) prevented vi-
sual contact between the experimenter and the
subject.

Experimental stimuli were six three-di-
mensional wooden objects of various shapes
and colors (A1 = purple oval; Bl = green
triangle; C1 = natural color curved shape; A2
= yellow square; B2 = pink circle; C2 = nat-
ural color complex shape). The objects were
approximately 2 cm by 2 cm by 1 cm and were
mounted on black cardboard squares (5 cm by
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5 cm). These stimuli were presented manually
by the experimenter, who raised the guillotine
door and slid a Plexiglas stimulus tray (25 cm
in length) forward toward the subject. Three
stimuli were presented simultaneously on each
trial; a sample stimulus was located in the
center of the tray, and two comparison stimuli
were located on either side of the sample. Each
stimulus object covered a concave well (3 cm
in diameter) in which tokens could be placed.
The subject responded by displacing a com-
parison stimulus and removing the token un-
derneath if one was present. Tokens were de-
posited in cups beside the apparatus. The
experimenter recorded all responses and pre-
pared each trial.

Procedure

General procedure. The beginning of a trial
was signaled when the experimenter raised the
guillotine door of the WGTA and presented
the stimulus tray to the subject. Preliminary
instructions specified that the subject was to
pick up one of the two side objects. On some
trials this response revealed tokens that con-
tributed to the subject’s earnings. White tokens
were defined as worth $0.01, and black tokens
subtracted $0.01. Tokens were deposited in
cups labeled “White” and “Black” and were
accumulated throughout the session. (See Ap-
pendix for complete instructions.)

Replacing the stimulus object resulted in
retraction of the stimulus tray, closure of the
guillotine door, and initiation of a 15-s inter-
trial interval. Maximum presentation time for
the stimulus array was designated as 8 s. If no
response was made within this interval, the
stimulus tray was retracted and the intertrial
interval begun. (In no case did a subject fail
to make a response within the allotted time.)

Trials were organized in blocks of 16. When
one block was completed the next block began
without interruption. As many trial blocks were
completed as possible during 50-min sessions.
Sessions were conducted 4 or 5 days per week,
once or twice daily, with a minimum of 15
min between sessions. Subjects were paid a
base rate of $3.00 per session, plus an extra
$1.00 bonus per session when all contracted
hours were completed. Additional earnings
were accrued contingent on performance. Pay-
ments were made in cash at the end of the last
session on Friday of each week.

Experimental history. All 5 subjects had
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completed two sessions of conditional discrim-
ination training and equivalence class testing
prior to their participation in the present ex-
periment. Training and testing procedures
were very similar to those used in the present
experiment, with two exceptions. An unrelated
set of three-dimensional abstract stimulus ob-
jects was used, and there were no financial
contingencies for session performance. Four
subjects participated to fulfill introductory
psychology requirements and received no fi-
nancial compensation for their involvement.
Subject DA was paid a total of $3.00 upon her
completion of the two sessions. In lieu of mon-
etary backup for tokens, subjects were in-
structed that their job was to earn as many
points as possible, that each white token added
one point, and that each black token subtracted
one point. Otherwise, instructions were iden-
tical to those in the Appendix.

Baseline conditional discrimination training.
Subjects were taught two conditional discrim-
inations (A1B1, A2B2, A1C1, and A2C2). Ini-
tial trial blocks consisted of a mixed baseline
of four trial types (i.e., A1:B1B2, A2:B1B2,
A1:C1C2, A2:C1C2). In a given trial block,
each trial type was presented four times in a
quasi-random sequence, with the restrictions
that no one sample (A1 or A2) appear on more
than three trials in succession and that no com-
parison stimulus (B1, B2, C1, or C2) appear
in the same location for more than two trials
in succession. Both samples appeared equally
often, and comparisons appeared equally often
in the two side positions. Displacing the com-
parison stimulus designated as correct for a
given trial revealed a white token, and dis-
placing the stimulus designated as incorrect
revealed a black token.

Subjects who failed to make 14 correct re-
sponses within a block for five trial blocks were
exposed to a sequence of reduced training base-
lines. For example, the first reduction involved
a baseline of A1:B1B2 and A2:B1B2 trials.
Failure to meet criterion after two trial blocks
of exposure to a reduced baseline resulted in
further baseline reduction (for example,
A1:B1B2 trials alone) until criterion was
achieved. Meeting criterion at any level re-
sulted in addition of the previous baseline until
criterion performance was maintained with all
four trial types mixed.

Reinforcement rate was then reduced. On
four trials of each block, one trial per trial
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type, token wells were not baited. When per-
formance met criterion on two consecutive trial
blocks, reinforcement rate was further reduced
to 50% (i.e., two trials per trial type per trial
block were unbaited). The baseline training
phase was considered complete when criterion
performance was maintained on two consec-
utive trial blocks with eight unbaited trials.

Stimulus class probes. Table 1 shows the
composition of trial blocks once baselines were
mastered (original conditions). After baseline
training, every trial block (hereafter referred
to as probe-trial blocks) consisted of four probe
trials interspersed among 12 baseline condi-
tional discrimination trials (six AB and six AC
trials) in a quasi-random order. Two probe
trials never occurred in succession. For a given
trial block, probe trials tested for either stim-
ulus reflexivity, symmetry, or transitivity. For
every three trial blocks, one block that probed
for each relation (i.e., reflexivity, symmetry,
transitivity) was presented, but the order within
each group of three blocks varied quasi-ran-
domly. No two trial blocks that probed for the
same relation occurred successively.

On reflexivity probe trials, comparison
choices included either A1 and A2, B1 and B2,
or C1 and C2, one of which was physically
identical to the sample. Four of the six reflex-
ivity relations were tested in each reflexivity
trial block; all six were tested twice across
every three reflexivity trial blocks. For trial
blocks that tested symmetry or transitivity, B1,
B2, C1, and C2 each appeared as the sample
on one probe trial. On symmetry probe trials,
comparisons were Al and A2. On transivity
probe trials, C1 and C2 were comparisons
when the sample was B1 or B2, and B1 and
B2 were comparisons when the sample was
C1 or C2.

Overall reinforcement rate for a probe-trial
block was 50%. Token wells were never baited
on probe trials, and four baseline trials (one
of each trial type) were also unbaited. These
conditions were in effect for a minimum of
four sessions and until stability criteria were
met for all probe and baseline trial types. Sta-
bility criteria were met when the difference
between the percentage of correct trials for the
most recent three trial blocks of a type (i.e.,
reflexivity, symmetry, or transitivity) and the
immediately preceding three trial blocks of the
same type was no greater than 10% of the
grand mean (the mean for all six trial blocks).
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Table 1
Composition of trial blocks.

Baseline trials

Original conditions AC random AC reversal Complete reversal
Baited trials A1:B1B2-2 A1:B1B2-2 A1:B1B2-2 A1:B1B2-2
A2:B1B2-2 A2:B1B2-2 A2:B1B2-2 A2:B1B2-2
A1:C1C2-2 A1:C1C2-1 A1:C1C2-2 A1:C1C2-2
A2:C1C2-2 A1:C1C2-1 A2:C1C2-2 A2:C1C2-2
A2:C1C2-1
A2:C1C2-1
Unbaited trials A1:B1B2-1 A1:B1B2-1 A1:B1B2-1 A1:B1B2-1
A2:B1B2-1 A2:B1B2-1 A2:B1B2-1 A2:B1B2-1
A1:C1C2-1 A1:C1C2-1 A1:C1C2-1 A1:C1C2-1
A2:C1C2-1 A2:C1C2-1 A2:C1C2-1 A2:C1C2-1
Probe trials

Reflexivity trial blocks? Symmetry trial blocks

Transitivity trial blocks

Al:A1A2-1 B1:A1A2-1
A2:A1A2-1 B2:A1A2-1
B1:B1B2-1 C1:A1A2-1
B2:B1B2-1 C2:A1A2-1
C1:C1C2-1
C2:C1C2-1

B1:C1C2-1
B2:C1C2-1
C1:B1B2-1
C2:B1B2-1

Note: Underlining indicates reinforced choices. The number following hyphens reveals the number of times a trial

type was presented in each block.

2 On any trial block, four of these six trial types were presented.

Thus, subjects were required to show stable
performances on baseline, reflexivity, sym-
metry, and transitivity concurrently across a
minimum of 18 total trial blocks before con-
ditions were changed.

Baseline contingency modifications. Contin-
gencies for baseline conditional discrimina-
tions were then manipulated in one of three
ways. Contingency changes were not signaled,
and the arrangement and composition of trial
blocks was unchanged from the previous phase.

For the AC reversal condition, contingencies
for the AC conditional discrimination were
completely reversed on baited AC trials. In the
presence of Sample A1, selection of Stimulus
C1 revealed a black token, whereas selection
of Stimulus C2 revealed a white token. In the
presence of Sample A2, selection of C2 re-
vealed the black token and C1 the white token.
In order to maintain reinforcement rates at
50%, one A1:C1C2 and one A2:C1C2 trial
remained unbaited, as in the previous phase.
Contingencies for AB relations were un-
changed from the original baseline contingen-
cies (see Table 1—AC reversal).

For the AC random condition, selection of
C1 revealed a white token and C2 a black

token on one trial with A1 as sample. Selecting
C1 revealed a black token and selecting C2
revealed the white on another trial with A1 as
sample. Exactly the same pattern was ar-
ranged when A2 was the sample. One addi-
tional AC trial with each sample type re-
mained unbaited, and contingencies for AB
relations were unchanged from the original
baseline contingencies (see Table 1—AC ran-
dom).

For the complete reversal condition, rein-
forcement contingencies were reversed from
baseline conditions for baited AC and AB tri-
als. In addition to the AC reversal described
above, selection of Stimulus B1 in the presence
of Sample A1 now revealed a black token and
selection of B2 revealed a white one. Similarly,
selection of B2 in the presence of A2 revealed
a black token, and B1 revealed a white token.
One trial with each of the baseline trial types
remained unbaited (see Table 1—complete re-
versal).

All subjects except PP were exposed to more
than one of these contingency manipulations.
Conditions were changed only after stability
criteria were met for all probe and baseline
trial types. A new condition always went into
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Table 2
Order, number of sessions, and number of trial blocks with probes for each condition.
Original Complete Original
Subject discrim I AC random  AC reversal reversal discrim II

M

Order of conditions 1 3 2 — —

Sessions/Trial blocks 4/23 4/33 6/44
PJ

Order of conditions 1 — 2 3 4

Sessions/Trial blocks 4/28 6/50 5/43 2/21
PP

Order of conditions 1 2 — — —

Sessions/Trial blocks 5/34 9/75
HH

Order of conditions 1 2 3 — 4

Sessions/Trial blocks 5/47 9/98 6/64 2/21
DA

Order of conditions 1 2 3 5 4

Sessions/Trial blocks 7/31 7/61 8/91 4/41 3/33

effect at the start of an experimental session.
Table 2 shows, for each subject, the order and
the number of sessions and trial blocks in each
condition.

RESULTS

Figure 1 shows performances on baseline
AC trials by trial block (i.e., six AC trials).
Each data point represents the percentage of
trials on which responding was consistent with
the original conditional discrimination train-
ing contingencies. Data for performances on
AB trials are presented in Table 3. Figure 1
and Table 3 reveal that the original conditional
discriminations were readily acquired and were
stable at or near 100% correct for all 5 subjects.

The top panels of Figure 1 show perfor-
mances of Subjects JM and PJ, for whom AC
reversal was the first conditional discrimina-
tion modification. For both subjects, respond-
ing adjusted to the new contingencies within
the first few trial blocks, as reflected in near-
zero “percent original” responding. Perfor-
mances on the AB trials were unchanged (Ta-
ble 3). The same pattern was observed for
Subjects HH and DA when they were exposed
to AC reversal.

As Figure 1 shows, response to the AC ran-
dom condition was somewhat varied. When
Subjects PP and HH were exposed to the ran-
dom condition immediately after the original
training and testing phase, their choices of C1

or C2, in keeping with the random’ contin-
gency, varied unsystematically both within and
across trial blocks. Subject DA showed the same
pattern for two sessions after being switched
from the original to the random condition, but
then reverted completely to the conditional dis-
crimination patterns shown during training.
For Subject JM, the shift to random conditions
from AC reversal also produced a brief return
to original discrimination performances, but
her terminal performance showed the same
unsystematic alternation of C1 and C2 choices
exhibited by Subjects PP and HH. Thus, 3 of
the 4 subjects exposed to the AC random con-
dition were similar in showing baseline per-
formances that were consistent with the con-
tingencies in effect. Performances on AB trials
were maintained without disruption for all
subjects in the random condition (Table 3).
Two subjects (PJ and DA) were also ex-
posed to complete reversal conditions. Figure
1 shows that, for both subjects, AC trial per-
formances were uniformly consistent with the
new contingencies, and Table 3 shows that
responding on AB trials was also completely
reversed. Finally, 3 subjects (PJ, HH, and
DA) were returned to the contingencies used
during original baseline training at some point
in the study, and all 3 showed a rapid return
to original response patterns (see Figure 1).
Overall, performances on baseline trials
showed clear sensitivity to the contingencies.
When conditional relations were reinforced



218 CAROL PILGRIM and MARK GALIZIO

SUBJECT JM SUBJECT PJ
100 | e————)
L
%0 oric
- AC REV COMP REV ORIG
1 i L
N —) 30 T2 %
[} SUBJECT PP
w00
[7]
2l MI\.\}N\W‘/V\[J’WN AC BASELINE TRIALS
‘&' B ORIG AC RAND
4 o | ! L i ! L = } 1
; 10 20 0 20 70
] SUBJECT HH
g 100 P{
8 sol
o ORIG AC RAND AC REV ORIG
L, L, X A At AN L
10 20 30 40 10 20 30 40 50 60 70 80 10 20 30 40 50 60 0 20
SUBJECT DA
100 Y {
sob
- ORIG AC RAND AC REV ORIG COMP REV
ol o AL P o ——
10 20 30 10 20 30 40 50 0 20 30 40 S0 60 70 80 90 100 10 20 30 0o 20
TRIAL BLOCKS

Fig. 1. Performances on the six AC baseline trials of every trial block. Consecutive trial blocks are represented on
the horizontal axis. The vertical axis represents, for each block, the percentage of AC trials on which responses were
consistent with the original training contingencies.

consistently, subjects quickly acquired the ap- ing was unchanged throughout the experi-
propriate discriminations; when there was no mental conditions.
reliably reinforced relation, performance var- Figure 2 shows CA symmetry probe per-
ied accordingly. Contingency manipulations formances by trial block (i.e., two CA probe
controlled changes in response patterns within trials). Each data point represents the per-
two trial blocks in every case. centage of trials on which responding was con-
Data from all reflexivity probe trials are sistent with the equivalence classes established
shown in Table 3. Although reflexivity was by original discrimination training conditions
never reinforced explicitly, all 5 subjectsshowed (i.e., A1B1C1 and A2B2C2). Comparable
evidence of this relation, and reflexiverespond- data for BA probe trials are given in Table 3.

Table 3

Percentage original responses across conditions (based on all relevant trials during the last two
sessions for each condition).

Original Complete Original

Subject Trial type discrim I AC random  AC reversal reversal discrim II
M Baseline AB 100 100 100 — —
Reflexivity 100 100 100 — —
BA symmetry 100 100 100 — —
PJ Baseline AB 100 — 100 0 98
Reflexivity 100 — 100 100 100
BA symmetry 100 — 100 0 100
PP Baseline AB 100 100 — — —
Reflexivity 95 100 — — —
BA symmetry 100 100 — — —
HH Baseline AB 100 100 100 — 100
Reflexivity 100 100 100 — 100
BA symmetry 100 100 100 — 100
DA Baseline AB 99 98 98 0 100
Reflexivity 100 100 100 100 100

BA symmetry 92 96 100 0 100




CONTINGENCIES AND EQUIVALENCE 219
SUBJECT UM SUBJECT PJ
100 ac rev A5TRNC ACREV | comp
” REV ’
50}
ORIG | ORIG ORIG
O 1 1 () 1 1 1 1 4 b pon '\ 1
5 510 15 510 570 5 1015 5 10 1520
SUBJECT PP
100
2 sol CA SYMMETRY
Q PROBES
@ ORIG AC RAND
f O+6 5 1015 20 25
<< SUBJECT HH
Z 100
o
oa
O 5ol ORiG AC RAND ORIG
S
0 1 1 1 L L1 1 1 1 1 1 1 1 1
5 10 15 5 10 15 20 25 30__5 10 1520 5
SUBJECT DA
ORIG | AC RAND AC REV A ORIG |comP REV
0 1 1 1 L ) 'y 1 1 1

5 10 5 1015205 10 15 20 2 5
TRIAL BLOCKS

0 5

Fig. 2.

Performances on the two CA symmetry probe trials of every symmetry trial block. Consecutive symmetry

trial blocks are represented on the horizontal axis. The vertical axis represents, for each block, the percentage of CA
trials on which responses are consistent with the equivalence classes established by the original training contingencies.

All 5 subjects showed stable symmetry re-
sponding following training with the original
discrimination contingencies. Symmetry was
evident immediately for Subjects JM, PP, and
HH and emerged after two and six trial blocks,
respectively, for Subjects PJ and DA.

In all but one case (Subject HH), the choice
patterns exhibited on symmetry probe trials
varied directly with reversals of the conditional
discriminations on which they were based. In
the AC reversal condition, Subjects P J and DA
consistently chose Comparison A2 given C1 as
the sample, and Al given C2 as the sample,
whereas Subject JM showed the new selection
pattern on at least one, if not both, of the CA
probe trials in each block. In contrast, Subject
HH maintained her original symmetry pat-

terns on all but one probe, despite the new
choice patterns she exhibited on AC baseline
trials. BA symmetry performances were un-
changed during this phase for any subject (see
Table 3). Both subjects exposed to the com-
plete reversal condition (PJ and DA) showed
CA (Figure 2) and BA (Table 3) symmetry
performances that were entirely consistent with
their reversed baseline selections.

Symmetry performances were less likely to
be influenced by the AC random condition.
For 3 of the 4 subjects exposed to this condition
(Subjects PP, HH, and DA), the original sym-
metry patterns were maintained on all but a
total of four probes (see Figure 2). Thus, for
Subject DA, the AC random condition affected
neither baseline nor symmetry performances.
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Fig. 3. Performances on the four transitivity probe trials of every transitivity trial block. Consecutive transitivity
trial blocks are represented on the horizontal axis. The vertical axis represents, for each block, the percentage of
transitivity trials on which responses were consistent with the equivalence classes established by the original training

contingencies.

However, Subjects PP and HH showed un-
altered symmetry performances, despite the
changes observed in their baseline responding.
Only Subject JM, who was exposed to the
random condition after a reversal phase,
showed an impact of the new conditions on
symmetry performances. Her inconsistent pat-
tern of choice on CA probe trials was in keep-
ing with her unsystematic pattern of selections
on AC baseline trials.

Figure 3 shows transitivity probe perfor-
mances by trial block (i.e., four transitivity
probe trials). Each data point represents the
percentage of trials on which responding was
consistent with the equivalence classes estab-
lished by original discrimination training con-
ditions (i.e., A1B1C1 and A2B2C2). As Fig-
ure 3 shows, transitivity was evident in the

first probe-trial block following training for
Subjects JM, PJ, and HH and emerged after
four and seven trial blocks for Subjects PP and
DA, respectively.

Once established, transitivity performances
were strikingly insensitive to modification of
the conditional discriminations on which they
were based. When exposed to the AC random
condition immediately following training, 3
subjects (PP, HH, and DA) had a total of only
five probe trials in which responding was in-
consistent with the original equivalence pat-
tern. A 4th subject (Subject JM) actually re-
turned to original responding in the random
condition. In general, the AC reversal condi-
tion had a similar lack of effect on transitivity
probes. Subjects PJ, HH, and DA all re-
sponded as if original transitive relations were
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intact throughout the condition. Only Subject
JM showed any change during AC reversal,
and even in this case no systematic pattern
indicative of class modification was revealed.
Original response patterns were shown on at
least 50% of the probe trials in any trial block.
During the complete reversal condition, Sub-
jects PJ and DA maintained their original
transitive response patterns on all but a single
probe trial; however, interpretation of these
performances is problematic. Although con-
sistent with original conditions, these perfor-
mances were also consistent with conditional
discriminations produced by the complete re-
versal conditions (i.e., B1C1 and B2C2 re-
mained classmates even if classes were modi-
fied by complete reversal conditions).

DISCUSSION

In keeping with the growing literature on
stimulus equivalence (e.g., Sidman, 1971; Sid-
man et al., 1985; Sidman & Tailby, 1982;
Spradlin, Cotter, & Baxley, 1973), results of
the present study revealed the emergence of
two three-member equivalence classes, defined
by the properties of reflexivity, symmetry, and
transitivity, following the explicit reinforce-
ment of two simple conditional discrimina-
tions. In addition, the present results revealed
that those trained conditional discriminations
were extremely sensitive to manipulations in
their reinforcement contingencies. For all 5
subjects, baseline performances almost always
conformed rapidly to the new contingencies
when reinforcement conditions were changed
(the exception being Subject DA in the AC
random condition).

Notable in the present results, however, was
that contingency manipulations had an incon-
sistent influence on stimulus classes, at least
as defined by probe performances, even while
they clearly controlled the conditional discrim-
inations that gave rise to the equivalence re-
lations. For example, the transitive perfor-
mances that had initially helped prove the
existence of two distinct three-member equiv-
alence classes remained unchanged by any of
the contingency manipulations. Performances
on symmetry probe trials, however, were likely
to vary when discrimination contingencies were
reversed. Indeed, for 3 of 4 subjects (JM, P],
and DA), new baseline discriminations im-
mediately resulted in new symmetry response
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patterns. Thus, symmetry performances be-
came inconsistent with the equivalence classes
that were originally demonstrated. More im-
portant, these symmetry performances were
inconsistent with the response patterns simul-
taneously exhibited on transitivity probes.

These results seem surprising given current
theoretical analyses of equivalence classes. For
example, modification of the initial conditional
discriminations might have been expected to
result in the formation of new equivalence
classes whose members differed from those of
the original classes. Given AC reversal, new
classes composed of A1B1C2 and A2B2C1
could have developed; similarly, given com-
plete reversal conditions, classes composed of
A1B2C2 and A2B1C1 could have emerged.
It is evident that these classes would have
emerged if the reversed relations had been the
first ones taught. There was, however, little
indication that new equivalence classes formed.
As noted earlier, however, definitive evalua-
tion of the emergence of new classes after com-
plete reversal was impossible. Presence of ei-
ther the original classes (i.e., A1B1C1,
A2B2C2) or new classes (i.e., A1B2C2,
A2B1C1) would result in identical perfor-
mances on BC or CB transitivity probes. Al-
though symmetry performances frequently re-
flected the reversed contingencies, transitive
responding did not vary from the pattern shown
under original training conditions.

An alternative theoretical account might hold
that the original stimulus classes should per-
sist, even when discriminations were reversed,
due to the multiple ways in which stimulus
class members can be related to each other.
Thus, even if a particular relation were weak-
ened, it might reemerge based on remaining
class relations. Given that the present study
involved small three-member classes, the op-
portunity for multiple determination is rather
limited. However, support for such an analysis
may be derived from a study by Saunders,
Saunders, Kirby, and Spradlin (1988), who
reported that when the conditional selections
that had merged classes were reversed, the
original merger patterns were maintained, as
measured by transitivity probes. The conclu-
sion of Saunders et al. emphasized the im-
pressive durability of equivalence relations;
their findings are similar to those of the present
study in that transitive performances remained
consistent with originally established equiva-
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lence classes. However, the Saunders et al.
study did not test for symmetry of the reversed
relations, and their account does not seem to
address the inconsistency between symmetry
and transitivity probe performances seen in the
present study. Even in the case of Subject HH,
who did show consistent performances across
probe types, the appropriateness of inferring
persistent equivalence when probe patterns are
inconsistent with conditional discriminations
may be questioned. When inconsistencies ap-
pear across probe performances, as they did
for the other 4 subjects, even more fundamen-
tal questions are raised about the integrity of
the original equivalence classes.

Another possible analysis suggests that the
present experimental manipulations would re-
sult in the collapse of equivalence classes. The
inconsistent reinforcement patterns of the AC
random condition might disrupt the baseline
units, thus removing the prerequisites for
equivalence. Alternatively, a history of rein-
forcement for choosing C1 in the presence of
both A1 and A2 might establish members com-
mon to the two classes, causing them to collapse
into a single six-member class. Following col-
lapse, each trial would functionally require a
choice between two members of the same class,
and an absence of consistent choice patterns
on probe trials might be expected. This was
definitely not the pattern observed in the pres-
ent study. However, given a history of rein-
forced conditional responding, it is possible
that subjects would continue to respond con-
ditionally even following class collapse. Saun-
ders, Saunders, Kirby, and Spradlin (1988)
reported consistent conditional responding by
individual subjects in the absence of explicit
contingencies. Emergence of arbitrary condi-
tional responding, however, would not predict
the consistencies in direction of conditionality
shown across subjects in the present study (i.e.,
all 4 subjects in the AC reversal condition
maintained original conditionality patterns on
transitivity probes). Even if the transitivity
performances could be accounted for (e.g., by
assuming that well-practiced patterns would
be more likely to persist), it is not clear why
consistent symmetry patterns in accord with
the reversed contingencies (see Subjects PJ,
DA, and JM) would occur. Also striking is
the close correspondence between successive
manipulations of baseline contingencies and
the direction of conditionality shown on CA
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symmetry probes (particularly Subjects PJ and
DA). These data imply a degree of control
inconsistent with arbitrary conditionality.

Other current conceptions of stimulus clas-
ses have noted that relations between stimuli
other than equivalence can be trained (Hayes,
in press). With respect to the present data it
might then be argued that after learning equiv-
alence relations between A and C stimuli (e.g.,
Al equals C1), a contingency reversal may
represent a relation of opposition (e.g., A1 does
not equal C2). From this perspective, the re-
lations learned during reversal conditions might
not be expected to alter the original equiva-
lence classes, thus leaving probe performances
unchanged. This explanation necessitates the
assumption that all subjects learned a different
type of stimulus relation with reversed dis-
criminations than they did with the original
discriminations, despite the absence of explicit
contingencies for doing so. Nonetheless an
“oppositional relation” account might be en-
tertained given the otherwise perplexing main-
tenance of original transitive response patterns
observed after reversal in the present study.
However, the emergence of oppositional re-
lations would not explain the changes in per-
formances on symmetry probes observed in 3
of 4 subjects tested under AC reversal condi-
tions. Thus, the observed differences between
performances on symmetry and transitivity
probes pose the same problems for the oppo-
sitional relation account as they did for the
one-class hypothesis and other more tradi-
tional equivalence formulations.

Another approach that offers the possibility
of bringing the present data in line with more
traditional accounts emphasizes contextual
control (e.g., Bush et al., 1989; Sidman, 1986;
Woulfert & Hayes, 1988). For example, this
position could assert that new equivalence
classes had formed following the reversed con-
ditional discriminations. Demonstration of
these new relations (e.g., reversed CA sym-
metry patterns during AC reversal) versus their
original counterparts (e.g., original transitivity
patterns during AC reversal), however, would
depend on the presence of contextual cues that
occasioned either old or new response patterns.
A contextual approach may account for the
present data; however, it becomes somewhat
unsatisfactory upon complete examination.

First, there is no clear reason for contextual
control to emerge. Explicit contingencies were
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never arranged to bring alternative class mem-
berships (e.g., the old equivalence relations
versus the modified patterns) under condi-
tional control of another stimulus. Second, the
contextual approach does not explain why the
patterns of conditionality shown were gener-
ally consistent across subjects (cf. Subject HH
on symmetry trials in AC reversal). Given the
absence of explicit contingencies, the direction
of conditionality should be free to vary. Thus,
although possible, the probability of obtaining
the consistency in direction of conditional re-
sponding shown by these subjects due to chance
seems rather small.

Finally, a contextual control explanation
would need to specify the nature of the con-
textual stimuli that acquired control. Given
the present results, the stimulus complex con-
trolling new equivalence relations would have
to include probe trials composed of sample and
comparison stimuli that had been presented
together on baseline trials involving reversed
contingencies, whereas probe trials composed
of sample and comparison stimuli that had not
been presented together on a reversed baseline
trial should control old relations. In sum, a
contextual control account requires that con-
trol by a fairly complex combination of stim-
ulus elements emerged in the absence of ex-
plicit reinforcement and coincidentally exerted
complete and immediate control in directions
that were consistent across multiple conditions
and several subjects. Although feasible, the ac-
count is also somewhat cumbersome and un-
parsimonious as applied to the present data.

In conclusion, current formulations of
equivalence class formation and maintenance
provide no simple account for the dissociation
between symmetry and transitivity perfor-
mances obtained in the present study. The key
problem is that manipulation of the relations
that theoretically gave rise to stimulus classes
caused alteration in some equivalence prop-
erties (i.e., prerequisite conditional discrimi-
nations and, in some cases, symmetry) while
others (i.e., transitivity) remained unchanged.
Although some studies have found changes in
probe performances after reversals of baseline
contingencies using somewhat different pro-
cedures (Dube, Mcllvane, Maguire, Mackay,
& Stoddard, 1989; Spradlin et al., 1973), the
present data are troublesome because they seem
to be inconsistent with the functional substi-
tutability of stimuli that defines equivalence
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classes. In the present study, manipulations
have been identified that appear to affect some
properties of the equivalence class without af-
fecting others. Alternatively, these findings may
be viewed as suggesting that variables other
than equivalence classes can influence probe
performances. More research on the deter-
minants of probe performances seems needed,
but for the present, caution is indicated in mak-
ing inferences from such performances.

REFERENCES

Bush, K. M., Sidman, M., & de Rose, T. (1989). Con-
textual control of emergent equivalence relations. Jour-
nal of the Experimental Analysis of Behavior, 51, 29-45.

Devany, J. M., Hayes, S. C., & Nelson, R. O. (1986).
Equivalence class formation in language-able and lan-
guage-disabled children. Journal of the Experimental
Analysis of Behavior, 46, 243-257.

Dube, W. V., Mcllvane, W. J., Mackay, H. A., & Stod-
dard, L. T. (1987). Stimulus class membership es-
tablished via stimulus-reinforcer relations. Journal of
the Experimental Analysis of Behavior, 47, 159-175.

Dube, W. V., Mcllvane, W. J., Maguire, R. W., Mackay,
H. A, & Stoddard, L. T. (1989). Stimulus class
formation and stimulus-reinforcer relations. Journal of
the Experimental Analysis of Behavior, 51, 65-76.

Hayes, S. C. (in press). A relational control theory of
stimulus equivalence. In L. J. Hayes & P. N. Chase
(Eds.), Dialogues on verbal behavior: Proceedings of the
First International Institute on Verbal Relations. Reno,
NV: Context Press.

Saunders, R. R., Saunders, K. J., Kirby, K. C., & Sprad-
lin, J. E. (1988). The merger and development of
equivalence classes by unreinforced conditional selec-
tion of comparison stimuli. Journal of the Experimental
Analysis of Behavior, 50, 145-162.

Saunders, R. R., Wachter, J., & Spradlin, J. E. (1988).
Establishing auditory stimulus control over an eight-
member equivalence class via conditional discrimina-
tion procedures. Journal of Experimental Analysis of Be-
havior, 49, 95-115.

Sidman, M. (1971). Reading and auditory-visual equiv-
alence. Journal of Speech and Hearing Research, 14, 5-
13.

Sidman, M. (1986). Functional analysis of emergent
verbal classes. In T. Thompson & M. D. Zeiler (Eds.),
Analysis and integration of behavioral units (pp. 213-
245). Hillsdale, N J: Erlbaum.

Sidman, M., Kirk, B., & Willson-Morris, M. (1985).
Six-member stimulus classes generated by conditional-
discrimination procedures. Journal of the Experimental
Analysis of Behavior, 43, 21-42.

Sidman, M., & Tailby, W. (1982). Conditional discrim-
ination vs. matching to sample: An expansion of the
testing paradigm. Journal of the Experimental Analysis
of Behavior, 37, 5-22.

Spradlin, J. E., Cotter, V. W., & Baxley, N. (1973).
Establishing a conditional discrimination without di-
rect training: A study of transfer with retarded ado-
lescents. American Journal of Mental Deficiency, 77, 556—
566.



224

Woaulfert, E., & Hayes, S. C. (1988). Transfer of a con-
ditional ordering response through conditional equiv-
alence classes. Journal of the Experimental Analysis of
Behavior, 50, 125-144.

Received November 30, 1989
Final acceptance April 30, 1990

APPENDIX

INSTRUCTIONS

Please read these instructions along with me
as I read them out loud.

This is an experiment in learning—it is not
a psychological test. We are investigating cer-
tain aspects of the learning process which are
common to all people.

More specifically, we are interested in find-
ing out how much money you will be able to
make on a learning task. In other words, your
job in this experiment will be to make as much
money as you can. The way in which you can
make money works like this:

On each trial of this experiment you will be
shown a group of three (3) different objects.
The object in the center position will always
be the example stimulus. The other two objects
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on the tray are your choices. After you have
looked at the example stimulus in the center,
you should make a choice by picking up one
of the choice objects on either side. (Please
make your choice promptly.)

Sometimes you will find a bean underneath
the object you have chosen. Each white bean
you find is worth +7 penny toward your total
earnings. However, a black bean underneath
the chosen object will subtract 7 penny from
your earnings. When you find a bean, please
remove it and deposit it in the appropriate cup
in front of you. Also, please note that on some
trials there will be no bean under either choice.

For each trial, please return the object to its
original position after you have made your
choice. I will start the next trial at that time.

If you have any questions, please ask them
at this time. I will not be able to answer any
questions or make any comments once we’ve
begun.

The session today will be divided into blocks
of trials. We’ll be taking a short break between
each trial block so that you can relax and I
can get organized.

Again, remember that your job is to make
as much money as you can.



